Empty maritime container logistics is one of the most relevant costs for shipping companies. In this paper two mathematical models (based on two different container movement patterns, i.e. with and without street-turns) were defined to optimize land empty container movements among shippers, consignees, terminals and depots, along with minimizing storage costs. One of the proposed optimization models was embedded in a simple Decision Support System (DSS) and then tested with real data, based on the operations in Valencia's (Spain) hinterland. The results obtained confirm the benefits of implementing these kinds of models for the company, and additional experiments assess and quantify the advantage of using the more complex approach that is able to implement street-turn patterns.
Introduction
Maritime containers traffic started in the 50s and, since then, has experienced an amazing development, causing a real revolution in international trade and transport. Maritime container traffic has been growing very quickly during the last 15 years with steady annual growth rates of over 10 %, achieving a global port traffic throughput in 2008 of around 400 million TEU (twenty-feet equivalent unit (TEU), is a measurement unit equivalent to a twenty-feet container).
Modelos y métodos avanzados para la logística del contenedor. Aplicación al puerto de Valencia
In order to meet this transport demand there is a world fleet of container ships with a capacity of around 10 million TEU. The total capacity of all maritime containers in use is estimated to be around 25 million TEU, mainly owned by shipping and leasing companies. With regard to the type of maritime containers used in all these operations, there is a large variety of equipment (standard, highcube, reefers, platforms, etc.) , but standard 20 and 40 feet dry cargo containers are almost 90 % of the total fleet (Dekker, 2009) .
It is easy to imagine the complexity of global container logistics, which is focused on achieving efficient container fleet management by minimizing transport costs and maximizing container use. One part of global container logistics is the empty container logistics. This deals with the movement, storage and distribution of empty containers, a process which starts once the container is emptied at the consignee's facilities, and ends when the empty container is positioned to be loaded again at the next shipper's facilities.
Since an analysis of main world container traffic shows important eastbound/westbound differences on main trade routes ( Fig. 1) , shipping companies tend to unwillingly accumulate a large number of empty containers at several import-dominant ports (mainly in Europe and the USA) which need to be repositioned to different export-dominant ports (mainly in Asia) where they are required (Li, Leug, Wu, & Liu, 2006) .
Given that empty container incidence on main trade routes exceeds 21 % of total traffic (Dekker, 2009) , and containers spend more than half of their lifetime stocked or being transported empty to be repositioned (Crinks, 2000) , empty container logistics has became one of the most relevant costs for shipping companies (Wang & Wang, 2007) . This paper presents, and validates in a real hinterland, some mathematical models dealing with the assignment and placement of empty containers based on daily requirements from shippers and consignees. First, in Section two, we shall introduce the main movement patterns that can be found in the management of containers; Section 3 will summarize the main previous works in the literature; Section 4 introduces the two models proposed;
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Application to Valencia hinterland some details and results regarding the application case are presented in Section 5; Section 6 compares both models; the paper finishes with the main conclusions in Section 7.
Empty containers' management
When talking about empty container logistics, two different levels can be considered: international and local or regional (Boile & Theofanis, 2008) . The former has to do with the movement of empty containers on a global scale to reverse the imbalance problem along the main world commercial axes. This is managed directly by shipping companies at a global level, attending to global container surplus and shortage, ships' routes, schedules and free capacity. The latter level deals with the inland movement of empty containers between port terminals, empty container depots (where empty containers are temporarily stored), consignees (receiving imported full containers which are emptied there) and shippers (receiving empty containers to be loaded for export). Local maritime agents, who are responsible for the containers' fleet management within their area of influence, manage all these movements (González-Torre, Sarkis, & Adenso-Díaz, 2013). Murty, Liu, Wan, and Linn (2005) briefly explain all the operations related to the movement of containers in a harbour facility. Many decisions are identified in this part of the process (allocation of berths to arriving vessels, allocation of quay cranes, appointment times for external trucks, storage space assignment, yard cranes' deployment, etc.). These authors present a DSS developed for optimizing some of these decisions in one of the busiest container ports in the world, namely Hong Kong. Fig. 2 shows the different container movement patterns that can be found outside of the harbour. The first pattern presented (labelled A) matches the typical ''empty repositioning'' operation. It could typically be an Asian import container which reaches a European port, from which it is moved to the importer's facilities to be unloaded (movement 2) and, once emptied, is transported back to the port terminal (movement 3) to be repositioned or sent back empty to Asia (movement 4), in order to start a new cycle. Pattern B is also an empty repositioning operation. The difference is that the empty container is stocked in an empty container depot before being sent back to the port terminal to be loaded onto a ship for repositioning.
Patterns C and D are known as ''match back'' operations, where a matching export movement means the empty repositioning of the container can be avoided. The difference between C and D is the place where the container is stored before being re-used in an export operation (port terminal for C, and empty container depot for D).
Finally, pattern E is a special match back operation where the container, once unloaded at an importer facility (consignee), is moved directly to the shipper facility (exporter) to be loaded again. This operation, known as ''street-turn'', is the most interesting option for big container shipping companies; however, it is difficult to carry out because it needs a significant level of coordination. The import and export operation requirements must be similar and coincident in time, as well as the type of container, shipping company and place. In addition, most of the time, containers need intermediate operations after a delivery cycle in order to be reused (brushing, cleaning, repairing, etc.) . Obviously this is the most efficient type of movement as it saves temporary empty storage.
Literature review
The problem of allocating a storage facility to every empty container supply or demand operation can be modelled as a minimum cost network flow problem. This approach looks for optimal solutions giving responses to the daily operational decisions of local maritime agents, as discussed above.
There are a number of previous works in the literature using mathematical modelling to solve the problem of empty container allocation. One of the earliest papers presenting network models for empty container management was published by White (1972) . However, the problem received little attention until the end of the 1980s. Braekers, Janssens, and Caris (2011) provide a comprehensive state of art solution to the problem after reviewing the different approaches, some of which are commented on below. Table 1 presents a classification of the existing research based on whether the authors consider deterministic or stochastic/fuzzy data or whether they study the empty container management problem at the global (i.e. multiport) or local (i.e. inland) level.
As can be seen, the majority of the approaches deal with the empty container repositioning problem on a global level and take into account the uncertainty in the demand and supply of empty containers. The basic goal of those studies is to determine the dynamic balance flow repositioning policies.
The inland empty container allocation has been somewhat less studied and for the most part has used deterministic mathematical programming approaches. Thus, Crainic, Dejax, and Delorme (1989) order to minimize the cost of depot opening and vehicle transportation, but they did not consider the space-time dependency of events. A more general framework to address the specific characteristics of the empty container allocation problem, in the context of the inland distribution system for an international maritime shipping company, is later presented by Crainic, Gendreau, and Dejax (1993) . They developed a mathematical formulation to deal with the uncertain nature of supply and demand but no time dependent costs were taken into account and no experimental results presented. Choong, Cole, and Kutanoglu (2002) developed an integer programming model for the tactical management of a homogeneous fleet of empty containers, subject to meeting requirements for moving loaded containers. A model involving both a domestic and a foreign shipping company was studied by Boros, Lei, Zhao, and Zhong (2008) . They developed mathemati-cal models and algorithms to support a collaborative planning and scheduling of container operations for supply chain logistics. Very recently, Braekers, Caris, and Janssens (2013) have formulated the problem of drayage planning as an asymmetric multiple-vehicle Travelling Salesman Problem with Time Windows, solving it using a two-phased deterministic annealing.
To the best of our knowledge, there are no studies that jointly consider the set of features included in the problem formulation of this paper and that compare the corresponding results with the policies of actual shipping companies.
Model formulation
Two different models regarding container assignment decisions have been developed. In the second one, street-turn operations (i.e. direct consignee to shipper movements) are considered. However, the first model is equally interesting, given that real operations in most harbours do not generally consider street-turns (because of the difficulties of their implementation), so it seems reasonable to start with this simpler approach.
The mathematical models presented below minimize the total costs, along a planning horizon, of managing empty containers while satisfying the corresponding demand from shippers, matching it with the supply from consignees and the empty containers that arrive at the port terminals coming from other ports. Total costs include all transportation costs (between terminals, depots, consignees and shippers) plus storage costs (at the depots and at the terminals). The underlying transport network structure involves links between consignees and terminals/depots, between terminals/depots and shippers, and between terminals and depots.
The operation of the system can be described by following a full container that is unloaded at a consignee. That empty container is transported for storage to either a terminal or a depot. On particular occasions, when the proper conditions are met, the empty container could be directly transported to a shipper ready for loading. That is called a street-turn. More often, the empty containers required by shippers would be delivered from those stored at the terminals and depots. In addition, to balance the system, some empty containers may need to be imported or exported at the terminals from/to other ports.
Since, as indicated above, there are options when moving the containers (from/to depots or terminals) and since actually there may be several depots and terminals in the area, the proposed approach must compute the most cost-effective allocation of every empty container entering and leaving the system. That is done by computing, for each time period, the empty container flow between the nodes of these transportation networks and the resulting inventories of empty containers at the terminals and depots.
The following assumptions are made:
1. Different types of container are considered. 2. In each time period the number of empty containers of each type generated at a consignee or arriving at any terminal from other ports is known. 3. In each time period the number of empty containers of each type required by shippers and at terminals for export to other ports is known. 4. Empty containers are assumed to be delivered to shippers in the time period in which they are required. 5. Empty container transportation costs are linear. 6. Transportation link capacities are unlimited. 7. Empty containers can only be stored at depots or terminals but not within consignees' or shippers' premises. 8. Depots and terminals have a limited capacity for storing empty containers. In addition, a minimum amount of empty containers of each type stored in each depot, i.e. a kind of safety stock, can be imposed. 9. Empty containers are always ready to be used, i.e. no repairs or discarded containers are required.
Before formulating the mathematical model the required notation is introduced: ). Fig. 3 also shows variables ݇ ௦ ௧ that represent direct movements of empty containers from consignees to shippers. These so-called street-turn movements are very efficient and will be considered as an extension of the basic model.
The basic formulation for the first model (with no "street-turn" operation) is the following:
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All variables non-negative (integer).
Regarding the meaning of the constraints, Eq. (1) assures that the number of containers supplied from import operations matches the number of containers sent from consignees to depots and terminals; according to Eq. (2) the number of containers provided for export operations must match the number of containers sent from depots and terminals to shippers: constraint (3) states that empty container stock at terminals should be below the upper limit established and constraint (4) imposes that empty container stock at depots should be between the lower and upper limits established; constraints (5) and (6) represent the empty containers' flow balance equations at container terminals and at empty container depots, respectively.
From an implementation point of view, once tested and validated, the first model can be extended and adapted to allow direct street-turn movements between consignees and shippers, closely matching import and export operations. The second model takes into account the time and type of container needed to match import and export operations, but it does not take into account any other limitations to the triangulation operations, such as required intermediate inspection, cleaning or repairing operations (manual intervention is required in those cases).
Notation for this extended model is the same as for the previous one, although some new variables are necessary in order to consider triangulation 
Furthermore, while constraints (3)-(6) remain, Eqs. (1) and (2) change as follows: Regarding the problem of land empty container movements, there is a fleet of around 3000 container trucks operating around the Port of Valencia and covering annually more than 215 million km, half of them with empty containers. Just a 10 % reduction in empty container truck movements could save more than €7 million. The continuous increase in the port's container traffic (with yearly average growth rates of over 10 %) and forecasted port extension (which will double the container terminals' capacity) make it necessary to rationalize truck movements by reducing empty movements and fostering alternatives such as rail transport.
China Shipping is one of the largest shipping groups in Asia and it has operated in Spain and the Port of Valencia since 1999, offering regular services for Atlantic Europe and the Baltic Sea, the Mediterranean and Black Sea, as well as the Middle and Far East. Yearly traffic for the China Shipping-Spain Agency in the Port of Valencia has been in recent years about 80,000 TEU, with a significant imbalance towards import operations. This means more than 250 land truck transport services per day and more than 60,000 km covered daily, half of them with an empty container. Just a 10 % reduction of land empty container movements for this company could lead to a reduction in truck transport costs near to €2000 per day (Furio, Monfort, Sapiña, Esquembre, & Torregrosa, 2007) , even though, due to the difficulties of reducing empty container movements and the scope of the project, the initial objective when the company decided to implement a Decision Support System for empty containers management was to achieve a modest daily saving of around €500.
Specific problem statement
An analysis of empty containers operations and management at the Valencia Branch Office of China Shipping-Spain showed that the company had well defined procedures to retrieve and share updated information, and
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have control of the equipment (containers), but there was a lack of operating tools to support any decisions made regarding minimizing movements and storage and transportation costs.
Empty containers storage and allocation decisions were made as transport orders arrived, trying to maintain a balanced inventory at the different empty container depots. However, there was no further analysis in order to find synergies between different operations or transport orders and to try to reduce transport and storage costs.
The proposal was to define a Decision Support System based on a mathematical optimization model to support maritime agents' decisions about container movements in order to achieve reduced costs for container fleet management. It is important to state that only daily operational decisions will be considered, as other strategic decisions such as the selection of the container terminals and empty container depots to work with are outside the scope of this paper. These kinds of decisions are considered as a given input to the problem which is addressed here.
Therefore the daily operational decisions of the local maritime agent concerning empty container logistics were the selection, for every export operation of empty container providers from different terminals and empty depots (or consignees in the case of 'street-turn' services matching import and export operations). Other decisions were the selection of empty containers' final destination for every import operation, and the selection and distribution of container movements among different storage places (terminals and empty container depots).
As initial goals to determine how to make all these decisions, we tried to ensure empty container availability to fulfill export requirements and to minimize land empty container movements, empty container storage costs, and empty container inventories at port terminals in order to reduce their congestion and improve their productivity.
The minimization of transportation costs is directly related to the minimization of land empty container movements and total cost minimization (transport costs plus storage costs). To ensure empty container availability, a minimum inventory of each type of container is defined depending on demand forecasts. Optimization of ships' capacity utilization is approached by estimating the number of empty containers of each type for export (taking into account ship load situation at arrival, ship loading and unloading forecasts, specific instructions of the shipping company). This was considered as given input data established at a higher decision level by the shipping company. The same occurs with the empty containers of each type that are imported at each terminal. Their number is given and follows the company global container flow balancing policy.
Some experiences of use
In order to integrate the model with the daily operations of the company, a simple DSS was developed; this assisted the operations manager when deciding about the container movements. As in any DSS, there are three main components to be defined. First, the database component that will feed the model component with current and updated data must be designed. According to the defined model, the required input data are:
x Ship or line-services arrival forecasts: Date of arrival at port, ship load situation at arrival, loading/unloading movements forecast. x Empty container inventory position by type of container at different storage facilities (terminal and depots). x Export and import operations forecast related to ships or lineservices involved. x Storage costs of empty container at different terminals and depots (these costs are dependent on the number of days containers are stocked). x Transport costs of moving containers between terminals, shippers, consignees and storage facilities.
Therefore we can find seven tables in the database, which include the following information:
x Port terminals and empty container depots' master files.
x Shippers' and consignees' master files.
x Type of containers' master file.
x Historic data of transport operations associated with different
x Line services.
x Ships' arrival forecasts.
x Road transport costs information.
x Storage costs information.
Since the shipping company information system holds all these data in different formats, an option was included in order to import and translate the necessary information into the internal format of the DSS.
As has already been stated, the model defined addresses a minimum cost network flow problem where all the decision variables are integer. The resulting integer programming (IP) programme can successfully be solved using a freeware LP solver (and a Java code to generate the model ready to be used). Since all the empty container supplies and demands (Ltsr, Utcr, Rtjr, Otjr) are integer, the optimal solution will have integer values for all the variables, avoiding the necessity of explicitly defining the integer nature of the variables.
Regarding the user interface component, a Visual Basic application was coded to allow all the data gathering operations (connecting to the shipping company central computer), model launching, and output reports. The main output provides a printout, for each day in the planning horizon, with each recommended container movement, showing the point of origin, destination (depot or port terminal), and type of container to be moved. All transport operations appear classified by the type of container movement pattern.
It is too complex to compare, for a different number of periods, the savings of the basic model versus the real cost in ordinary daily operations. Just as an example of the performance of our basic model in a real setting, we have taken a random sample of two weeks in the daily operation of the shipping company in Valencia hinterland. In this instance, the agents involved included 205 shippers, 16 consignees, 3 depots and 4 types of container. Real operations in that period to fulfil the required movements, not using the model, amounted to a total of €947,911. With those data, we ran our basic model obtaining, after a 7.5 s calculation, a solution whose total cost was €939,774 (i.e., a saving of 0.85 %).
Although street-turn operations were not carried out on site at the time the DSS was developed, we considered this possibility in order to show the company the potential savings to be obtained. This practice would also reduce the need for empty container movements between different storage facilities. As a typical example of 'street-turn' transport, matching an import operation with its destination in Madrid as recommended by the system, with an export operation with its origin at the city of Tarancón, would generate savings of around €200 by joining both operations instead of planning two different movements. However, a deeper analysis comparing both patterns needs to be explored in order to understand what further policies to carry out.
Street-turn vs. basic model: some experimental results
Although the optimization of empty container movements in a hinterland could mean significant savings when compared with real operations, the possibility of performing street-turns could bring further benefits to the logistics of the shipping company. In order to assess the benefits of triangulations, we have performed a series of experiments, based on the parameters of the real operation in Valencia port, and solved each case using our two models for comparing the minimum costs computed by both models. Our experimental framework considers three factors, each one with two levels:
x The length of the time horizon (2 or 8 weeks).
x The number of consignees and shippers (one factor level as in the real case above, i.e. 205 consignees and 16 shippers, and another factor level representing a smaller environment with fewer opportunities of connection having half of those, i.e. 102 consignees and 8 shippers, respectively). x The demand level (one factor level involves the same probability of demand as in the real case commented on above, while the second factor level represents a busier scenario with the double probability of demanding any number of containers).
With five replications for each factor level combination, the number of instances to solve are therefore 2 x 2 x 2 x 5 = 40. The total cost for each instance using both models, with and without street-turn, were computed and recorded. The Wilcoxon signed rank test confirms (p ൎ 0) that the difference of the medians of both cost variables is not zero, and therefore a significant effect on costs is confirmed. To avoid the effect of absolute values when comparing different numbers of containers transported, we consider the ratio of the cost given by the basic model (no street-turns) versus the cost given by the model with street-turns allowed. This response ratio varies between 1.014 and 1.077, with a median of 1.039 and an average value of 1.042. Therefore, not using triangulation seems to suppose an extra cost of around 4 % of the logistics costs.
When plotting both costs (Fig. 4) a linear relationship between them can be clearly identified. To find a more accurate calculation of the savings, a linear regression cost_with = Ⱦ0 + Ⱦ1 cost_without + ɂ confirms the relationship, showing a significant coefficient Ⱦ1 = 0.9816 (p ൎ 0, r 2 = 0.9999). Common requirements of normality of the residuals and homoscedasticity are fulfilled. This indicates that a saving of 1.84 % can be obtained when streetturn is performed. The Mann-Whitney test also confirms (p ൎ 0; p = 0.002; p = 0.007 resp.) that the three factors have an impact on the savings obtained.
It is also interesting to note that in most of the cases that have been tested for both models, the optimal solutions computed do not include movements between depots and terminals (i.e. variables pjd; fdj; vjj'; qdd' are all zero in the optimal solution), which seems logical, given that the main component of the objective function is minimizing transport costs. These kinds of movements would only appear in the optimal solution if upper stock limits were going to be exceeded (i.e. in order to avoid that excess), if there are very high storage costs at any terminal or depot, or if there are specific and large demands for containers at a particular terminal.
Conclusions
This paper presents an approach to inland empty container logistics network management, identifying different issues and goals (optimizing land movements, optimizing containers' use, optimizing storage yards' use, etc.), as well as different solutions or ideas to be developed and implemented. A mathematical model has been proposed to face empty container assignment in connection with surface transport and container equipment management by local maritime agents.
Results confirm the economic benefits of implementing this kind of model for operational decision making, mainly when street-turn is considered, with savings reaching up to 2 % of total costs when compared with no triangulation. In the case of the China Shipping agency in Valencia, savings could reach up to €200 per movement for some specific examples. At the end of the year this could be translated into significant cost savings aligned with the initial expected objectives. With the development of a good forecast procedure, using historical data and their embedding in the DSS, a significant reduction has also been estimated in empty container transfer movements between depots and terminals by applying the model results.
Another significant advantage of using the developed DSS is that the decisions in container management are less based on the personal experience of the staff working in this area. This provides greater flexibility to the maritime agent and reduces the dependency on specific persons or profiles. Due to the general approach to the empty container logistics problem for local maritime agents, the DSS developed here can be easily transferred to other maritime agents with slight changes to customize or adapt the system to their singularities.
Finally, future research lines on empty container logistics can be pointed out, such as: modelling empty container logistics involving collaborative schemes among shipping lines; modelling container logistics and traffics introducing the ''risk'' concept; modelling international container traffic and different scenarios of container fleet composition; development of useful models to design new infrastructures to support container logistics; and, development of new technologies to improve land use at container yards.
